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DOSE MONITOR FOR PLASMA DOPING the characteristics of the wafer, which may produce errors in 

SYSTEM the measured current. Those characteristics include 

tttct n nu tut: Txn^xrrr^xr emissivity. local charging, gas emission from photoresist on 

HELD OF THE INVENTION the wafen etc ^ different wafm giye 

This invention relates to plasma doping systems used for 5 cur *"ents for the same ion dose. In addition, the measured 

ion implantation of workpieces and. more particularly, to current pulses include large capacitive or displacement 

methods and apparatus for measuring the ion dose implanted current components which may introduce errors in the 

into the workpiece in plasma doping systems. measurement. 

RACKGROI tnt) OF thp tmvpxjttom „ A techni( l u£ for P Iasma *>pkg dosimetry is described by 

BACKGROUND OF THE INVENTION io E . Jones et & in IEEE Transactions on Plasma Science. Vol. 

Ion implantation is a standard technique for introducing 25 - No * February 1997, pp. 42-52. Measurements of 
conductivity-altering impurities into semiconductor wafers. impianter current and implant voltage axe used to determine 
In a conventional ion implantation system, a desired impu- an implant profile for a single implant pulse. The implant 
rity material is ionized in an ion source, the ions are , profile for a single pulse is used to project the final implant 
accelerated to form an ion beam of prescribed energy, and 15 Profile and total implanted dose. This approach is also 
the ion beam is directed at the surface of the wafer. The subject to inaccuracies, due in part to the fact that it depends 
energetic ions in the beam penetrate into the bulk of the on P° w er supply and gas control stability to ensure repeat- 
semiconductor material and are embedded into the crystal- ability. Furthermore, the empirical approach is time con- 
line lattice of the semiconductor material to form a region of suming and expensive. 

desired conductivity. 20 in conventional ion implantation systems which involve 

In some applications, it is necessary to form shallow the application of a high energy beam to the wafer, cumu- 

junctions in a semiconductor wafer, where the impurity Iative ion dose is typically measured by a Faraday cup. or 

material is confined to a region near the surface of the wafer. Faraday cage, positioned in front of the target wafer. The 

In these applications, the high energy acceleration and the 25 Faraday cage is typically a conductive enclosure, often with 

related beam forming hardware of conventional ion implant- tne wafer positioned at the downstream end of the enclosure 

ers are unnecessary. Accordingly, it has been proposed to use and constituting part of the Faraday system. The ion beam 

plasma doping systems for forming shallow junctions in passes through the Faraday cage to the wafer and produces 

semiconductor \\ afers. In a plasma doping system, a semi- an electrical current in the Faraday. The Faraday current is 

conductor wafer is placed on a conductive platen which 3Q supplied to an electronic dose processor, which integrates 

.functions as a cathode. An ionizable gas containing the tne . current with respect to time to determine the total ion 

desired dopant material is introduced into the chamber, and dosage. The dose processor may be part of a feedback loop 

a high voltage pulse is applied between the platen and an tnat is used to control the ion impianter. 

anode or the chamber walls, causing formation of a plasma Various Faraday cage configurations for ion implanters 

having a plasma sheath in the vicinity of the wafer. The 35 have been disclosed in the prior art. Faraday cages posi- 

applied voltage causes ions in the plasma to cross the plasma tioned in front of semiconductor wafers are disclosed in U.S. 

sheath and to be implanted into the wafer. The depth of Pat. No. 4.135.097 issued Jan. 16. 1979 to Forneris et al; 

implantation is related to the voltage applied between the U.S. Pat. No. 4.433.247 issued Feb. 21. 1984 to Turner; U.s' 

wafer and the anode. A plasma doping system is described Pat. No. 4.421.988 issued Dec. 20. 1983 to Robertson et al: 

in U.S. Pat. No. 5354381 issued Oct. 11. 1994 to Sheng. 4Q U.S. Pat. No. 4.463.255 issued Jul. 31. 1984 to Robertson et 

In the plasma doping system described above, the high al: U.S. Pat. No. 4361,762 issued Nov. 30. 1982 to Douglas; 

voltage pulse generates a plasma and accelerates positive U.S. Pat. No. 4.786,814 issued Nov. 22. 1988 to Kolondra et 

ions from the plasma toward the wafer. In other types of al: and U.S. Pat. No. 4.595.837 issued Jun. 17. 1986 to Wu 

plasma systems, known as plasma immersion systems, a et al. Faraday cages positioned behind a rotating disk are 

continuous RF voltage is applied between the platen and the 45 disclosed in U.S. Pat. No. 4.228358 issued Oct. 14. 1980 to 

•anode, thus producing a continuous plasma. At intervals, a Ryding; U.S. Pat. No. 4.234.797 issued Nov. 18. 1980 to 

high voltage pulse is applied between the platen and the Ryding; and U.S. Pat. No. 4.587.433 issued May 6. 1986 to 

anode, causing positive ions in the plasma to be accelerated Farley. 

toward the wafer. D ose an( j d ose uniformity have also been measured in 

Exacting requirements are placed on semiconductor fab- 50 conventional high energy ion implantation systems using a 

rication processes involving ion implantation with respect to corner cup arrangement as disclosed in U.S. Pat. No. 4,75 1. 

the cumulative ion dose implanted into the wafer and dose 393 issued Jun. 14. 1988 to Corey, Jr. et al. A mask having 

uniformity across the wafer surface. The implanted dose a central opening is positioned in the path of the ion beam, 

determines the electrical activity of the implanted region. The beam is scanned over the area of the mask with the 
while dose uniformity is required to ensure that all devices 55 portion passing through the central opening impinging on 

on the semiconductor wafer have operating characteristics the wafer. Small Faraday cups are located at the four corners 

within specified limits. of the mask and sense the beam current at these locations. 

One prior art approach to dose measurement in plasma cnmADvnc rxurrrvrrrnM 

doping systems involves measurement of the current deliv- SUMMARY i Hh LWLMION 
ered to the plasma by the high voltage pulses, as described 60 According a first aspect of the invention, plasma doping 

in the aforementioned U.S. Pat. No. 5354381. However, apparatus is provided. The plasma doping apparatus com- 

this approach is subject to inaccuracies. The measured prises a plasma doping chamber, a platen mounted in the 

current includes electrons generated during ion implantation plasma doping chamber for supporting a workpiece. typi- 

and excludes neutral molecules that are implanted into the cally a semiconductor wafer, which is the cathode of the 
workpiece. even though these neutral molecules contribute 65 system, a source of ionizable gas coupled to the chamber, an 

to the total dose. Furthermore, since the measured current anode spaced from the platen and a pulse source for applying 

passes through the wafer being implanted, it is dependent on high voltage pulses between the cathode and the anode. The 
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high voltage pulses produce a plasma having a plasma 
sheath in the vicinity of the workpiece. The plasma contains 
positive ions of the ionizable gas. The high voltage pulses 
accelerate the positive ions across the plasma sheath toward 
the platen for implantation into the workpiece. The plasma 5 
doping apparatus further comprises one or more Faraday 
cups positioned adjacent to the platen for collecting a sample 
of the positive ions accelerated across the plasma sheath. 
The sample is representative of the dose of positive ions 
implanted into the workpiece. An optional guard ring can be 
used to modify the plasma shape to obtain the desired 
uniform plasma density facing the workpiece. 

The apparatus may include a single Faraday cup or two or 
more Faraday cups disposed around the platen. An annular 
Faraday cup may be disposed around the platen. When the 
plasma doping apparatus includes a guard ring, the Faraday i:> 
cup is preferably embedded within the guard ring. The guard 
ring can be maintained at either the cathode potential or at 
another potential which is selected to control the plasma 
uniformity. By maintaining the Faraday cups embedded in 
the guard ring at the same potential as the guard ring, the 20 
unwanted capacitive component of the measured current 
pulses is minimized or eliminated. 

A variety of different Faraday cup configurations may be 
utilized. In one embodiment, the entrance to the Faraday cup 
is substantially coplanar with the workpiece. and the Fara- 25 
day cup is maintained at substantially the same electrical 
potential as the platen. In another embodiment, an electri- 
cally conductive mask is positioned in front of the Faraday 
cup. The mask has an opening aligned with the entrance to 
the Faraday cup. The mask and the platen are maintained at , 0 
substantially equal electrical potentials. In a further 
embodiment, the apparatus includes an electrode positioned 
at the entrance to the Faraday cup and a voltage source for 
biasing the electrode to suppress escape of secondary elec- 
trons from the Faraday cup. Such a bias may also have the 
beneficial effect of suppressing hollow cathode discharge 35 
formation. In yet another embodiment, a magnet may be 
positioned at the entrance to the Faraday cup for suppressing 
escape of secondary electrons. In still another embodiment, 
the Faraday cup has an entra~hc^with a lateral dimension that 
is small in comparison with the \lepth of the Faraday cup. so 40 
that the geometric configuration of the Faraday cup sup- 
presses escape of secondary electrons. 

The Faraday cup generates a current representative of the 
ion current implanted into thejyyerkpiece. The apparatus may 
further comprise a dose processing circuit for integrating the 45 
current with respect to time and producing an output repre- 
sentative of the dose of positive ions implanted into the 
workpiece. 

In the embodiment including two or more Faraday cups 
disposed around the platen, each Faraday cup produces a 50 
current representative of the ion current implanted into the 
workpiece. The plasma doping apparatus may further com- 
prise a dose uniformity circuit for comparing the currents 
produced by the Faraday cups and generating an output 
indicative of the uniformity of ion implantation into the 55 
workpiece. 

In one embodiment, a separate anode is provided within 
the plasma doping chamber. The plasma doping chamber 
may have electrically-conductive walls. The anode and the 
chamber walls may be connected to a common electrical 
potential, such as ground. In another embodiment, a separate 
anode is not utilized, and the electrically-conductive cham- 
ber walls function as the anode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, ref- 65 
erence is made to the accompanying drawings, which are 
incorporated herein by reference and in which: 
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FIG. 1 is a simplified schematic block diagram of a 
plasma doping system in accordance with a first embodi- 
ment of the present invention: * 

FIG. 2 is a partial schematic cross-sectional view of the 
plasma doping system of FIG. 1. showing the wafer and the 
Faraday cups: 

FIG. 3 is a partial schematic cross -sectional view of the 
plasma doping system in accordance with a second embodi- 
ment of the invention: 

FIG. 4 is a schematic cross-sectional view of a Faraday 
cup configuration in accordance with a third embodiment of 
the invention; 

FIG. 5 is a schematic cross-sectional view of a Faraday 
cup configuration in accordance with a fourth embodiment 
of the invention: 

FIG. 6 is a schematic cross-sectional view of a Faraday 
cup configuration in accordance with a fifth embodiment of 
the invention: 

FIG. 7 is a schematic cross-sectional view of a Faraday 
cup configuration in accordance with a sixth embodiment of 
the invention: 

FIG. 8 is a schematic cross-sectional view of a Faraday 
cup configuration in accordance with a seventh embodiment 
of the invention: and 

FIG. 9 is a schematic cross-sectional view of a Faraday 
cup configuration in accordance with an eighth embodiment 
of the invention. 

DETAILED DESCRIPTION 

An example of plasma doping system in accordance with 
the present invention is shown schematically in FIG. 1. A 
plasma doping chamber 10 defines an enclosed volume 12. 
A platen 14 positioned within chamber 10 provides a surface 
for holding a workpiece, such as a semiconductor wafer 20. 
The wafer 20 may. for example, be clamped at its periphery 
to a fiat surface of platen 14. The platen 14 supports wafer 
20 and provides an electrical connection to wafer 20. In one 
embodiment, the platen has an electrically-conductive sur- 
face for supporting wafer 20. In another embodiment, the 
platen includes conductive pins for electrical connection to 
wafer 20. 

An anode 24 is positioned within chamber 10 in spaced 
relation to platen 14. Anode 24 may be movable in a 
direction, indicated by arrow 26, perpendicular to platen 14. 
The anode 24 is typically connected to electrically- 
conductive walls of chamber 10. both of which may be 
connected to ground. 

The wafer 20 and the anode 24 are connected to a high 
voltage pulse generator 30. so that wafer 20 functions as a 
cathode. The pulse generator 30 typically provides pulses in 
a range of about 100 to 3000 volts, about 1 to 50 microsec- 
onds in duration and a pulse repetition rate of about 100 Hz 
to 2 KHz. It will be understood that these pulse parameter 
values are given by way of example only and that other 
values may be utilized within. the scope of the invention. 

The enclosed volume 12 of chamber 10 is coupled 
through a controllable valve 32 to a vacuum pump 34. A gas 
source 36 is coupled through a mass flow controller 3S to 
chamber 10. Apressure sensor 44 located within chamber 10 
provides a signal indicative of chamber pressure to a con- 
troller 46. The controller 46 compares the sensed chamber 
pressure with a desired pressure input and provides a control 
signal to valve 32. The control signal controls valve 32 so as 
to minimize the difference between the chamber pressure 
and the desired pressure. Vacuum pump 34. valve 32. 
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pressure sensor 44 and controller 46 constitute a closed loop It will be understood that a variety of different Faraday 

pressure control system. The pressure is typically controlled cup configurations may be utilized within the scope of the 

r n ^L a ^ U *TS^« a ^ t5 ?A ,nniit r bUt P rese n t invention.AsecondembodimentisshowninFIG.3. 

UrLto If J t * f • a , 36 - SUI ? lle$ - an An annu ^ ^aday cup 80 is positioned around wafer 20 

loruzable gas containing a desired dopant for implantation « nn ^i^„ tt^ ' ; ^ f OA . " ; 

into the workpiece. Examples of ionizLe gas include BF, th , ? , h annularFarada y CU P 80 has the advanta ge 

N,. Ar. PF 5 and B JH 6 . Mass flow controller 38 reflates the u 1 ° < ^ sA variations in ion current are averaged around 

raFe at which gas "is supplied to chamber 10. The confi «u- penph f y ° f wafer 20 ' Farada >' eu P 80 ma >' be P ositioned 

ration shown in FIG. 1 provides a continuous flow of process in an annuIar §uard rin§ 81 111 2 eneraL an - v «»figunuion of 

gas at a constant gas flow rate and constant pressure. The one or more Farada >' CU P S be utilized. The Faraday cups 
pressure and gas flow rate are preferably regulated to pro- 10 ^ P referaolv located as close as is practical to wafer 20 and 

vide repeatable results. ° platen 14. However, the Faraday cups may have any posi- 

In operation, wafer 20 is positioned on platen 14. Then the tions relat j ve to wafer 20 that provide a measurement 

pressure control system, mass flow controller 38 and gas representative of ion current implanted into wafer 20. 

source 36 produce the desired pressure and gas flow rate As indicated above, an electrical signal representative of 
within chamber 10. By way of example, the chamber 10 may 15 ion current is supplied from the Faraday cup or cups to dose 

operate with BF, gas at a pressure of 10 miliitorr. The pulse processor 70. In one embodiment, the electrical current from 

generator 30 applies a series of high voltage pulses to wafer each Faraday cup is supplied directly to dose processor 70 

20. causing formation of a plasma 40 between wafer 20 and located external to chamber 10. In another embodiment a 

anode 24. As known in the art. the plasma 40 contains preprocessing circuit (not shown) may be located in close 

positive ions of the lonizable gas from gas source 36. The 20 proximity t0 platen 14 and / ate at ft ^ 

3^l?£ e ^S& $heath Ih 11 . 1 ^ ^ Platen Processes the outputs of t °Farf 

positive ions from plasma 40 across plasma sheath 42 . total 10n dose deiivered to wafer 20 is the instanta- 
toward platen 14. The accelerated ions are implanted into 2 > ne0US ion current integrated over the time of the implant, 

wafer 20 to form regions of impurity material. The pulse J he dose P r °cessor 70 typically includes a circuit for 

voltage is selected to implant the positive ions to a desired integrating the outputs of the Faraday cups. The integrator 

depth in wafer 20. The number of pulses and the pulse ma y ut &ze conventional integrator circuits, charge sensitive 

duration are selected to provide a desired dose of impurity amplifiers, or any other suitable circuit for performing the 
material in wafer 20. The current per pulse is a function of 30 integration function. Where the system includes two or more 

pulse voltage, gas pressure and species and any variable " Faraday cups, the outputs may be averaged, to determine 

position of the electrodes. For example, the cathode to anode totai dose * Dose processor configurations are known in 

spacing may be adjusted for different voltages. connection with conventional high energy ion impianters. 

In accordance with the present invention, one or more According to a further aspect of the invention, two or 
Faraday cups are positioned adjacent to platen 14 for mea- 35 more Faraday cups may be utilized to obtain a measure of 

suring the ion dose implanted into wafer 20. In the example dose uniformity. Dose uniformity is the uniformity of 

of FIGS. 1 and 2, Faraday cups 50. 52. 54 and 56 are equally implanted ions over the surface area of wafer 20. With 

spaced around the periphery of wafer 20. Each Faraday cup reference to FIG, 2. when the implanted ion dose in wafer 20 

comprises a conductive enclosure having an entrance 60 is uniform, Faraday cups 50,52. 54 and 56 receive equal ion 
facing plasma 40. Each Faraday cup is preferably positioned 40 currents. When the dose is not uniform, the Faraday cups 

as close as is practical to wafer 20 and intercepts a sample receive different ion currents. Accordingly, the current out- 

of the positive ions accelerated from plasma 40 toward P uts of &e Faraday cups may be compared with each other 

platen 14. or with a reference to obtain a measure of uniformity. Thus. 

The Faraday cups are electrically connected to a dose ^ or exam pi e « if one or more of the Faraday cups provide an 
processor 70 or other dose monitoring circuit. As known in 45 i0n current tnat is different from the others, non-uniform ion 

the art, positive ions entering each Faraday cup through implantation is indicated. The indication of non-uniform 

entrance 60 produce a current in the electrical circuit con- implantation may, for example, be used to control the 

nected to the Faraday cup. The electrical current is indicative process, such as by stopping or altering the ion implantation, 

of the number of positive ions received per unit time, or ion The Faraday cup or cups used in the plasma doping 

current. It is assumed that the ion currents received by 50 system may have a variety of different configurations. In a 

Faraday cups 50. 52, 54 and 56 have a fixed relation to the basic configuration illustrated in FIG. 1. entrance 60 of each 

number of ions implanted in wafer 20 per unit time. Depend- Faraday cup may be copianar with the surface of wafer 20 

ing on the uniformity of plasma 40 and the uniformity of ion facing plasma 40. Each Faraday cup may be at the same 

acceleration toward platen 14. the ion current per unit area electrical potential as platen 14 so as to minimize any 

received by each Faraday cup may be substantially equal to 55 disturbance to plasma 40 by the Faraday cups, 

or a fixed fraction of the ion current per unit area implanted Another Faraday cup configuration is shown in FIG. 4. A 

in wafer 20. Since the electrical current output of each of the Faraday cup 90 is embedded in a guard ring 92. The Faraday 

Faraday cups is representative of the ion current implanted cup 90 is preferably maintained at the same potential as the 

in wafer 20, the Faraday cups 50. 52. 54 and 56 provide a guard ring 92. This configuration suppresses the capacitive 

measurement of the ion dose implanted in wafer 20. eo component of the measured current pulses. 

As described in U.S. Pat. No, 5,711,812 issued Jan. 27. Another Faraday cup configuration is illustrated in FIG. 5. 

1998 to Chapek et al. the plasma doping system may include A Faraday cup assembly includes an electrically conductive 

a guard ring 66 that surrounds platen 14. The guard ring 66 mask 100 having an opening 102 positioned in front of a 

is biased to insure a relatively uniform distribution of Faraday cup 104. The mask 100 and the Faraday cup 104 are 

implanted ions near the edge of wafer 20. The Faraday cups 65 positioned adjacent to platen 14 and wafer 20. and the mask 

50. 52. 54 and 56 may be positioned within guard ring 66 100 is maintained at the electrical potential of platen 14. This 

near the periphery of wafer 20 and platen 14. configuration permits the Faraday cup 104 to be biased at a 



